Enterocins carry out antimicrobial activity on several pathogenic and spoilage bacteria in food. The objective of this work was to evaluate the production of enterocins, using Enterococcus faecium, and their stability under different culture conditions. The isolate was incubated in ManRogosa Sharpe (MRS) medium with pHs 4.5, 5.0, 5.5, 6.0 and 6.5, and supplemented with lactose, mannose, mannitol, glycerol, tween 20, and tween 80. The optimum pH of production was between 6.0 and 6.5. The enterocin produced in mix (lactose 20, glycerol 20, tween20 5.0 g L -1 ) was more efficient. None pH tested interfered with the reduction of the action of the enterocins. The thermal stability varied according to the isolate as well as the supplementation used. Tween 20 and 80 with regards to the stability to different chemical products of both isolates, presented reduction of the action. It was observed that the supplement mix had higher adsorption and that the bactericidal effect was observed within 2 hours of incubation. The results indicated that the different culture conditions did not affected the antagonistic action of enterocin.
Introduction
Research on antimicrobial metabolites produced by lactic acid bacteria (LAB) has progressed in recent decades. This was due to the emergence of potentially pathogenic microorganisms in food and the growing tendency of the food industry to substitute chemical additives (Yang, Lin, Sung, & Fang, 2014) .
Bacteriocins are antimicrobial peptides, produced by LAB, that present antagonistic activity against several bacteria (Vuyst & Leroy, 2007) . Several bacteriocins produced by LAB have been isolated from milk and dairy products, and they have a broad spectrum of activity, mode of action, genetic origin, molecular mass and biochemical properties (Schirru et al., 2012; Balciunas et al., 2013; Alvarez-Sieiro, Montalbán-López, Mu, & Kuipers, 2016) .
The optimal production of bacteriocins has been a challenge, given that this is not always correlated with the increase in cell mass or growth rate of the producing species. Large amounts of bacteriocins can be produced in different nutrients, temperatures or pH conditions of the culture medium (Schirru et al., 2014) .
Among the LAB, the genus Enterococcus (especially Enterococcus faecium and Enterococcus faecalis) is widely distributed in the environment, mainly in food products (Giraffa, 2003) , and Enterococcus species commonly produce multiple bacteriocins (enterocins) (Nes, Diep, & Holo, 2007) .
The protective action of enterocins has been described in several foods, such as the enterocin CCM 4231 in dairy products and fermented salami (Lauková, Mareková, & Javorský, 1993) , enterocin RZS C13 and CCM 4231 in sausages (Callewaert, Hugas, & Vuyst, 2000) . In addition, enterocin AS-48 used in dairy products (Muñoz et al., 2007) , and enterocin B, protect foods against Gram-positive and Gramnegative bacteria (Aymerich, Garriga, Costa, Monfort, & Hugas, 2002) , with antilisterial effect .
However, the isolation and characterization of new antimicrobial compounds produced by microorganisms isolated from food may indicate more effective industrial use (Yang et al., 2014) . Experimentally and industrially, bacteriocins have been shown to protect food against frequent food contaminants, such as Listeria and Bacillus (Ramu, Shirahatti, Devi, & Prasad, 2015) .
Although several enterocins have already been described, some constituents of the culture medium and culture conditions were evaluated in this study, to ascertain the best production of enterocins by E. faecium isolates.
In view of the above, the objective of this work was to evaluate the production and stability of enterocins of E. faecium isolates in the presence of several sugars and chemical products.
Material and methods

Bacterial strains
Bacteriocinogenic E. faecium strain Efm20 and strain Efm22 isolated from soft cheese were grown at 37°C for 18 hours in MRS broth (Himedia) (Furlaneto-Maia, Rocha, Henrique, Giazzi, & Furlaneto, 2014; Ogaki, Rocha, Terra, Furlaneto, & Maia, 2016) . L. innocua CLIP 12612 was used as indicator strain. Both strains were stored at −20°C in presence of 20% (v v -1 ) glycerol.
Effect of ph and medium component on bacteriocin producing strain Efm20 and Efm22
The effect of pH and supplementation of the MRS medium on the production of enterocin was observed by a methodology described by Furtado, Todorov, Landgraf, Destro, and Franco (2014) , with modifications. Supplementation of MRS medium is described in Table 1 . These supplements were selected based on their previously reported influence on bacteriocin production (Todorov, 2008; Castro, Palavecino, Herman, Garro, & Campos, 2011) .
An aliquot of 100 μL of inoculum (final cell concentration 1.5 x 10 8 CFU mL -1 ) was inoculated into 10 mL of pH adjusted MRS broth at 4.5, 5.0, 5.5, 6.0 or 6.5, and incubated at 37°C for 24 hours.
After incubation in all treatments, the cells were recovered by centrifugation at 8.000 g for 15 min. and the pH of the cell free supernatant (CFS) was adjusted to 6.5 and treated with catalase, to avoid the presence of H 2 O 2 (Ogaki et al., 2016) .
The CFS was sterilized by membrane filtration, using 0.22 μm pores with low protein binding capacity (Millipore ® ). The supplements with the greatest effect on the production of enterocins were tested against several variables, to evaluate their efficiency in front of the target cell.
Effect of ph, chemicals and temperature on stability of bacteriocin Efm20 and Efm22
Bacteriocin production was assessed in MRS broth (Himedia) supplemented with 20.0 lactose, 20.0 glycerol, and 5.0 g L -1 tween 20 (Synth). The effect of pH was measured adjusting the pH of 10 mL of CFS of the culture of E. faecium Efm20 and Efm22 to 3.0 to 9.0, with glycine 25 mM (pH 3), sodium citrate 25 mM (pH 5), sodium phosphate 25 mM (pH 7,2) e tris 25 mM (pH 9) and incubating at 30°C for 1 hour. The effect of chemicals was tested adding 10 mg mL -1 Tween 20, Tween 80 (Synth), NaCl (Sigma), SDS (Sigma) or EDTA (Sigma) to supernatants and incubating for 30 min. at 37°C (Todorov, 2008) .
The effect of temperature on activity was determined incubating supernatants at 40, 50, 60, 70, 80, 90 and 100°C for 30 min., and autoclaving at 121°C for 15 min. Before testing for activity, the pH of all samples was adjusted to 6.5. Activity was tested using L. innocua CLIP 12612.
Bacteriocin activity assays
The inhibitory spectrum of activity was obtained using the agar-well assay (Vuyst & Leroy, 2007) against Listeria innocua CLIP 12612, with modification. Brain Hearth Infusion (BHI) agar plates were overlaid with BHI soft agar (0.75%) seeded with actively growing cell of the test organism (1.2 x 10 8 cels mL -1 ), and wells were done with tips. Forty microliters of the CFS was added to the wells, and the plates were kept undisturbed for 3-4 hours for diffusion of CFS through agar and then incubated at 37°C for 24 hours. The sensitivity of the strain in question was evaluated by checking for clear zones around wells and then inhibition zones were scaled in millimeters (mm).
Determination of the bactericidal and/or bacteriostatic effect of bacteriocins
For the determination of the bactericidal effect of enterocins on the L. innocua indicator bacterium, a volume of 100 μL of the cell suspension was added in titration microplate. 100 μL of the CFS was also added. The spectrophotometer reading (DO 660 nm) and determination of CFU were done every two hours for 8 hours incubation (Field, Connor, Cotter, Hill, & Ross, 2008) .
Adsorption of bacteriocin to the producer cells and L. Innocua
Adsorption of enterocin Efm20 and Efm22 to the target pathogen and producer cells was tested using the method described by Todorov (2008) and Furtado et al. (2014) , respectively. The strains were grown overnight in BHI broth (L. innocua) or MRS (E. faecium) at 37°C, and centrifuged at 8000 x g, 15 min., at 4°C. Cells were washed twice and re-suspended to the original volume with sterile 5 mM phosphate buffer (pH 6.5). Each cell suspension was mixed with an equal volume of bacteriocin-containing filter-sterilized supernatant (pH 6.5) and incubated at 37°C for 1 hour. The cells were removed at 8000 x g, 15 min., at 4°C, and the activity of unbound bacteriocin in the supernatant was determined as previously described. The percentage of bacteriocin adsorption to target cells was calculated according to Furtado et al. (2014) .
Statistical analysis
All experiments were performed in triplicate and with 2 replicates. The analysis of variance (ANOVA) was applied to verify significant differences (p < 0.05) between the values obtained in each experiment, using Tukey's test with the assistance of the Assistat 7.7 Beta Program.
Results and discussion
The antagonistic effect of enterocins, produced by enterococci from dairy foods, on pathogenic and/or spoilage bacteria may be a potential applicant of food bio conservation. In this study, the E. faecium isolates, called Efm20 Efm22, from cheese were evaluated. The incubation time and temperature parameters were maintained in all treatments. Many different bacteriocins have been described in enterococci, which are of great interest for food preservation against food borne pathogenic and spoilage bacteria. In recent years, several E. faecium and E. faecalis strains from dairy products displaying antibacterial activity have been isolated (Folquie- Moreno, Sarantinopoulos, Tsakalidou, & Vuyst, 2006) .
Environmental factors such as temperature, pH and media composition can influence the level of bacteriocin produced (Abo-Amer, 2011).Certain components, such as carbohydrates, salts, surfactants or oxygen tension reducing agents added to the MRS broth can interfere with bacteriocin production (Vázquez, Cabo, González, & Murado, 2004; Castro et al., 2011) .
The isolates Efm20 and Efm22 were previously reported, by our group, to be good enterocin producers (Ogaki et al., 2016) , which inhibits several pathogenic food bacteria, including several species of Listeria (unpublished data).
To determine the best pH for enterocin production, the isolates were inoculated in the presence of the MRS broth at different pH values. The results showed that there was no significant difference (p < 0.05) in the production of enterocins at pHs 6.0 and 6.5 among the isolates evaluated. However, these values were better when compared to the production of enterocins at pHs 5.0 and 5.5 (p < 0.05). At pH 4.5, no antagonistic action was detected against the test bacterium. From this result, pH 6.5 was chosen for the subsequent assays.
In the tests performed with various components and concentrations of the medium, it was observed that the supplementation of lactose in the concentration 20.0, glycerol 20.0, and tween20 5.0 g L -1 , when evaluated separately, were the ones that positively influenced the production of enterocin (Table 1) in both isolates the most. On the other hand, the other supplements with yeast extract, mannitol, mannose, and tween 80, did not alter the production of enterocins; presenting production similar to the control (MRS medium), with no significant difference.
The enterocin production analyses were also performed in MRS medium containing 20.0 lactose, 20.0 glycerol, and 5.0 g L -1 tween 20. The mix, which presented high production of enterocins when compared with the MRS medium, was named.
The pH values and the supplements of the medium, that provided the best results for the production of enterocins, were selected to evaluate their viability over several variables.
The activities of the enterocins were not affected by the different pHs. On the other hand, there was a significant difference, which was dependent on the supplementation of the medium. The enterocin produced by the Efm20 isolate in the Mix medium presented greater stability, when compared to the enterocins obtained by the other treatments. On the other hand, the enterocin produced by the Efm22 isolate presented greater stability at pH 7 and 9, independent of the medium supplementation ( Figure 1) .
In relation to the stability of varied pHs, a study by Rodrıǵuez, González, Gaya, Nuñez, and Medina (2000) showed that E. faecium TAB 7 were not inactivated at pH 6, 7, and 9, except at pH 2.0. In addition to the temperature, it is desirable for enterocins to exhibit antimicrobial activity at various pH levels, allowing their use in various foods, especially in foods with low pH (Franz, Schillinge, & Holzapfel, 1996) .
Based on the pH data, the production of enterocin in the presence of other sources of carbon and protein was analyzed. This resulted in significant production once the MRS medium was supplemented with 20.0 lactose, 20 glycerol and 5.0 g L -1 tween20, either separately or in mix. The supplementation with a nitrogen source did not increase the production of enterocins, diverging from the data obtained by some authors Kim, Hall, and Dunn (1997) and Iyapparaj et al. (2013) . Furthermore, both isolates of these study have 3 enterocin-producing genes, which are entA, entB, and entP (Ogaki et al., 2016) . They can be expressed differently in each treatment performed. Furtado et al. (2014) , Todorov and Dicks (2006) , and Aasen, Moretro, Katla, Axelsson, and Storro (2000) demonstrated that the presence of 20.0 g L -1 of lactose increases the production of bacteriocin produced by Lactococcus, sakacin P, and nisin, respectively, thus, corroborating the results of this study. Todorov and Dicks (2006) state that the production of enterocin also is related to substrate and consequently to cell growth. Though this study did not focus on crop development, it was deduced that some specific amounts of substrate may have contributed to the development of the crop.
In this study, the stability of enterocin at different temperatures was evaluated. The supernatant was heated to 40, 50, 60, 70, 80, 90 , and 100°C for 30 min. and to 121°C, in autoclave, for 15 min. As shown in Figure 2 (A, B and C) , the enterocins Efm20 and Efm22 presented thermo resistance. However, the stability varied according to the isolate and the supplementation to which the enterocin was produced. In fact, it was observed that depending on the temperature, there was a 150% increase in the antagonistic activity. When the enterocin was submitted to autoclaving (121°C, 1 atm for 15 min.), the bioactivity decreased; however, it was isolated and condition-dependent.
It was verified in the study that the pH variation did not interfere in the action of the enterocin, since the action of the temperature was affected in a variable way. This is because, CFS coming from some conditions showed bigger activities after the heating. Regardless of the results, the data of these study revealed that the enterocins tested were thermostable.
Bacteriocins of class II have in their structure, a disulfide bridge between two cysteines; which plays an important role in the antimicrobial activity and makes it resistant to high temperatures (Fimland, Johnsen, Dalhus, & Nissen-Meyer, 2005; Richard et al., 2006) . A number of authors have reported the thermostable characteristic of Enterococcus (Nes et al., 1996) and E. faecium (Todorov & Dicks, 2006) . The ability of bacteriocins to withstand high temperatures is desirable since it allows their application in food, because they will not be impacted when subjected to the heat treatment step; while maintaining their antimicrobial properties Todorov and Dicks (2009) and Moreno et al. (2002) . An interesting result obtained in this study was that, in some temperatures, the antagonistic activity was higher when compared to the control. This suggests that the high temperature activates the action of the enterocin.
The stability of the enterocins against the chemicals, tween20, tween80, NaCL, EDTA and SDS, were evaluated, since such products may be present in food processing. The bioactivity was reduced in the presence of tween20 and 80, but there was no total loss. The sensitivity of enterocin in these products was isolated-condition-dependent, and it was affected by the experimental conditions (Figure 3) .
The bactericidal effect of the CFS from the Efm20 and Efm22 isolates was observed during the first 2 hours of incubation (Figure 4) .
The levels of the enterocin adsorption by L. innocua, according to the experimental conditions, are presented in Table 2 . The effect of each factor on the adsorption level varied according to the supplement added to the MRS medium. The best result of Adsorption was presented at the time enterocin was obtained with the Mix of supplements.
The presence of the chemicals, such as SDS, EDTA, tween20, tween80, and NaCl, affected the action of the enterocin in an isolated-condition-dependent manner. However, it did not cancel out the antilisterial effect of the enterocin. Tween20 and tween80 surfactants negatively affected the antagonistic action of enterocin the most. Although the presence of tween may alter the surface tension of the enterocinproducing cell, facilitating its release into the extracellular and interfering with its action against the indicator bacterium (Verellen, Bruggeman, Van Reenen, Dicks, & Vandamme, 1998) . These results validate several studies confirming that the presence of these substances affects the action of bacteriocins, depending on the isolates tested (Strompfova & Laukova, 2007; Furtado et al., 2014) . It is known that bacteriocins may differ in their chemical nature (Mojgani, Hussaini, & Vaseji, 2015) .
According to a study by Von Mollendorff, Todorov, and Dicks (2007) , the production of enterocins by the E. faecalis HV219 isolate was detected in the presence of several chemical compounds, such as triton, bmercaptoethanol, ethanol, methanol chloroform, NaCl, KCl, KH 2 PO 4 , K 2 HPO 4 , MgCl, and sodium.
The bactericidal effect of CFS from different substrates was confirmed in this study, showing its efficiency in the first hours of incubation. The growth of L. innocua with CFS occurred non-expressively in the hours studied, as the surviving cells resumed their growth. One hypothesis to this fact was the addition of low concentrations of enterocin for the total inhibition of this microorganism. In order to have an inhibitory effect of microorganisms in foods, it is necessary to add higher concentrations of bacteriocins in relation to the amount used to obtain the effect in the culture medium. The mode of action of bacteriocins depends on several factors, including their concentration. Inhibition of cells persists as long as there is active bacteriocin residual in the bacterial growth (Gálvez, Abriouel, López, & Omar, 2007) .
In relation to the enterocin adsorption by the target cell, this work showed that the highest percentage of adsorption occurred when the enterocin was produced in the Mix, reaching 60% for the enterocin Efm20 and 65% for Efm22. The adsorption test demonstrates the ability of the enterocin to act on the target cell membrane, causing cell lysis (Yang et al., 2014) . The main target of enterocines is the cytoplasmic membrane of the target cell, where they form pores in the membrane, causing exhaustion of the intracelular environment, thus, resulting in cell death (Cleveland, Montville, Nes, & Chikindas, 2001) . 
Conclusion
The condition of bacterial growth is fundamental for the production of enterocin. Supplementation of the MRS medium with lactose, glycerol, and tween20 was shown to be ideal for the production of enterocins, using the isolates Efm20 and Efm22. Also, the enterocin produced by these isolates showed antilisterial effect, besides being thermostable and stable in a wide range of pH and concentration of NaCl. These parameters are fundamental for the optimization and production of bacteriocins, such as bio preservation for the food industry. Similarly, the bacteriocins produced by lactic acid isolated from dairy products should be studied as bio preservatives, since they are adapted to the environmental conditions of these foods.
